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Bound Magnetic Polarons (BMP) have been proposed to play an important role in doped wide
band gap semiconductors. We report the experimental evidence supporting polaronic magnetism and
the role of defects on it. Temperature variation of electron paramagnetic resonance study reveals that
the valence state of cobalt is 2+ and its nearest environment in the system is distorted tetrahedral in
nature. Room temperature ferromagnetism have been found in all the doped [Co (1, 3, 5) % doped
3C-SiC] samples. The Curie temperature, TC of the samples have been found to be above 800 K.
The isothermal magnetization plots were analyzed using the Jiles-Atherton Model, to determine the
strength of domain wall pinning. The temperature variation of the anisotropic constant was deter-
mined using Law of Approach to saturation (LAS), which decreases with increase in temperature.
Quantitative analysis of magnetic interaction has been carried out and the result is explained by using
BMP Model, which probably arises out of the exchange interaction of Co2+ ions with related (Si, C)
defects.
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2I. INTRODUCTION
The field of spintronics continues to dominate the research in condensed matter physics due to the possibility of
developing novel multi-functional devices by the integration of magnetism with electronics and even optics. The
practical realization of these devices will greatly depend upon the development of new materials exhibiting inter-
esting magnetic, electrical and optical properties. As semiconductors are the basic building blocks of electronic
and optoelectronic devices the focus has been on inducing magnetic order in well known semiconductors by suit-
able doping of transition metal elements. After initial unsuccessful attempts to dope 3d transition metals in Si, the
focus shifted to III-IV and II-IV semiconductors after the theoretical works of Dietl et. al. [1]. Though there have
been many reports in literature on the observation of room temperature ferromagnetism in some of them, the inter-
pretation on the nature of magnetic interactions in them is often controversial as their response to magnetic field
differs significantly when compared to those of conventional ferromagnets. However, the recent report on intrinsic
ferromagnetism on Co-doped TiO2 has revived interest in the development of room temperature (RT) dilute mag-
netic semiconductors (DMS) for spintronic device applications [2]. Since SiC is a wide band gap semiconductor
with unique properties under extreme condition, it is worthwhile to investigate the RT ferromagnetism in Co-doped
3C-SiC. Ferromagnetic transition have been observed in p-type 6H-SiC at 270 K with Fe doping, 250 K with Mn
doping, and 50 K with Ni implantation [3]. Double transition also has been reported in Fe doped SiC system by
Song et. al., which occurs due to the formation of Fe3Si along with Fe doped in SiC [4]. When a small fraction
of Mn is introduced in the 6H-SiC matrix, it also exhibits TC of 250 K [5, 6]. Although inducing RT ferromag-
netism in SiC by doping transition metal (TM) impurity is being tried, there is a solubility limit. Hence we have
tried a one-step process for synthesis. As cobalt is ferromagnetic with high Curie temperature and posses uniaxial
anisotropy due to its hexagonal structure it will be interesting to investigate the effect of doping this element in
SiC on the magnetization and anisotropy. Temperature and field dependence of Magnetization and temperature
dependence of magnetic resonance spectra were used to probe the nature of magnetic interactions in the material.
II. EXPERIMENTAL PROCEDURE
The Co-doped 3C-SiC polycrystalline samples were prepared by carbothermal reduction method. Rice husk
was mixed with appropriate amounts of Co(Cl2) 6H2O in order to incorporate Co2+ in the lattice. The growth
temperature and time were fixed at 1600ï¿œC and 15mins respectively. The details of the synthesis of SiC from
rice husk can be found elsewhere [7–9]. Typical experimental conditions are Argon gas flow-2-LPM; current-50A,
3and load voltage-300V. The possible reactions for the formation of SiC from Rice Husk can be written as follows:-
SiO2(amorphous)+3C(amorphous)−→ SiC+2CO
The chemical reaction for incorporation of Co into SiC is as follows
CoCl2(6H2O)+2SiO2 +3C−→ SiCoC+2HCl+5H2O+CO2 + 32O2 ↑ (1)
The structural characterization was carried out using Rigaku Smart lab X-ray diffractometer (XRD) with 9 kW
power generator at room temperature and Horiba Jobin-Yvon HR-800 micro Raman spectrometer with 488 nm laser
wavelength. The micro-structure was analyzed using Transmission electron microscope (TEM) Technai model with
200kV operating voltage. While a commercial Quantum Design made 9 Tesla physical property measurement sys-
tem (PPMS) based - Vibrating Sample Magnetometer (VSM) was employed for the low-temperature magnetization
measurements, the high-temperature measurements were carried out using a Lakeshore VSM. The valence state of
unpaired electrons, Dipolar interaction, and anisotropy in the system was probed using electron spin resonance
spectrometer JEOL model JES FA 200.
III. RESULTS AND DISCUSSION
A. Structure and Microstructure
The Fig. (1) (a) shows the X-Ray diffraction (XRD) spectra of the undoped and Co doped 3C-SiC. No additional
peak has been found in doped samples. The shift of peak position 2θ = 360 towards higher angle side with increase
in concentration indicates the incorporation of Co into host lattice. This can be attributed to the fact that covalent
radius of silicon is larger than the ionic radius of cobalt. The Fig. (1) (b) shows the Raman spectra of undoped and
Co-doped 3C-SiC samples. The shift in peak positions [Transverse Optical (TO) and Longitudinal Optical (LO)]
towards higher wave number and increase in full width half maximum (FWHM) of the Raman spectra with increase
in Co concentration can be attributed to distribution in bond length and bond angle within the tetrahedral structure
of SiC. This also indicates the increase in carrier concentration in the host matrix due to cobalt doping. The selected
area electron diffraction pattern (SAED) of undoped and Co-doped 3C-SiC samples show the crystalline quality
and corresponding symmetry (F4¯3m) group as shown in the Fig. (2) (a, b, c, d). The crystalline quality of the
sample has been reduced a little bit because of the defect formation during the synthesis.
4Figure 1. XRD and Raman Spectra of undoped and Co doped 3C-SiC. (a) shows XRD pattern of undoped and Co-doped
3C-SiC. Inset shows zoom portion of (111) peak (b) shows Raman spectra of undoped and Co-doped 3C-SiC. A clear shift in
peak position has been observed in all the doped sample as compared to the undoped sample.
Figure 2. SAED pattern of undoped and Co (1, 3, 5 )% doped 3C-SiC. It clearly reveals the cubic nature of the systems with
F4¯3m space group symmetry.
B. Magnetization Study
The “zero-field cooled” (ZFC) and “field-cooled” (FC) magnetization plots of Co (1, 3, 5) % doped 3C-SiC
samples at 1 kOe applied field are shown in Fig. (3). All the doped samples show moment value at least three
orders of magnitude larger compared to that of undoped 3C-SiC. A clear bifurcation of ZFC-FC curves have been
observed up to room temperature (RT) in all the samples indicates the existence of long-range ferromagnetic order
till 300 K. The M versus H plots of all doped samples recorded at different temperature before and after annealing
at 1200ï¿œC is shown in Fig. (4) and Fig. (5) respectively.
5Figure 3. ZFC-FC Plots of Co (1,3,5)% doped SiC at the applied magnetic field of H = 1 kOe.
Figure 4. M-H plots of Co (1, 3, 5) % doped 3C-SiC before annealing. The ferromagnetic behavior at room temperature can
clearly be seen. Insets show non-zero value of coercivity in each sample.
Figure 5. M-H plots of Co (1, 3, 5) % doped 3C-SiC after annealing. Ferromagnetic behavior at room temperature can be seen
6Figure 6. M-H curves of Co (1, 3, 5) % doped 3C-SiC (before annealing) fitted to Eq. (2).
Figure 7. Figures (a) and (b) show variation of coercivity, saturation magnetization with temperature after annealing. Figure
(c) shows the Curie temperature plot of Co 5% doped 3C-SiC. The values of Hc, Ms are obtained after fitting the M-H loop of
the doped sample to Eq. (2).
All the doped samples clearly show M-H curves that are typical of ferromagnet which clearly indicates the
presence of long range magnetic order in all the compounds. A slight reduction in the coercivity value has been
found after annealing, which could be due to the release of strain developed during high-temperature synthesis.
Since Co has a hexagonal crystal structure and host SiC matrix is cubic in nature, the doping of Co in SiC can
introduce anisotropy in the system. This magneto crystalline anisotropy and its role on the magnetic interactions
in the system has been analyzed using the M-H loop. In order to extract the magnetic parameters from the M-H
curves, a well-known fitting has been carried out using Eq. (2) in [10, 11]
M(H) =
2MS
pi
tan−1
[
H±HC
HC
tan
(
piS
2
)]
+χH (2)
here MS – saturation magnetization. HC – coercivity H – applied field S = (Mr/MS) = squareness of the isother-
mal M-H loop and χ- magnetic susceptibility.
7Co
Ms in (emu/g)
HC S = Mr/Ms
χ
Unannealed Annealed (emu/gOe)
5 0.89 0.73 1612 0.16 1.04×10−5
1% 80 0.20 0.44 1326 0.69 4.69×10−6
300 0.12 0.16 302 0.24 6.12×10−7
5 0.57 0.89 2877 0.40 1.0×10−5
3% 80 0.24 0.32 2306 0.77 3.26×10−6
300 0.08 0.08 265 0.20 6.12×10−7
5 0.28 0.65 1071 0.40 9.59×10−5
5% 80 0.16 0.40 585 0.53 3.26×10−6
300 0.12 0.16 157 0.16 8.16×10−6
Table I. M-H Fitting Parameters of Co doped 3C-SiC with various concentrations.
The FM contribution from the system is represented by the first term on the right hand side and second term
represent the paramagnetic contribution originating from the host matrix and isolated unpaired magnetic moments.
Eq. (2) holds good to explain the magnetic behavior in the present study as the calculated values are in good
agreement with the experimental M-H data as shown in Fig. (6). The values of saturation magnetization and
coercivity have been obtained from the fitting of isothermal magnetization data recorded at different temperatures
(5-350) K with Eq. (2). The variation of hysteresis and saturation magnetization with temperature are given in
Fig. (7) (a) and Fig. (7)(b) respectively. The saturation magnetization decreases with temperature may be due
to thermal agitation with increase in temperature. However the lowering of coercivity with temperature can be
attributed to magneto crystalline anisotropy which decreases with increase in temperature. Fig. (7) (c) shows the
high-temperature M-T plot of Co 5% doped SiC, where TC is found to be above 800 K. On the other hand, the
saturation magnetization values have increased for the annealed samples as compared to the corresponding values
of the unannealed samples shown in Table (I).
C. Analysis of DC magnetic response using J-A model :
The isothermal magnetization plots also have been analyzed by Jiles-Atherton model to obtain the parameters
which can give some more insight into the system particularly about the anisotropy and long-range magnetic order
[12]. As per this model, magnetization can break in to two parts – an irreversible and a reversible one. These parts
correspond to the irreversible or reversible phenomena which take place within the material during magnetization.
The motion of the domain wall over the pinning sites represents irreversible displacement. The movement of
8Figure 8. M-H plot of Co 1 % doped 3C-SiC at 5 K, 80 K, and 300 K respectively. Solid red lines correspond to J-A fit.
domain wall between two successive pinning sites or the rotations of the magnetic moments that leads to the
decrease of the magnetization at field reversal after achieving the saturation, represents reversible phenomena
[13, 14].
Hence the total magnetization can be written as
M = Mrev +Mirr. (3)
We can express the susceptibility given in Eq. (4) which was used to fit the magnetization data recorded at
various temperature .
dM
dH
=
1
1−αC
[{
CMS
a
[
1−
(
coth
He
a
)2]
+
(
a
He
)2}
+
{
(1−C)(Man−M)
kδ (1−C)−α (Man−M)
}]
(4)
MS(A/m) – Saturation magnetization, a(A/m) – Shape parameter of Man, α – Quantifying domain interaction C –
Reversibility co-efficient, k(A/m) – Avg energy required to break domain wall pinning sites, He = H +λM, Mann−
Anhysteretic magnetization, δ− Constant. Fig. (8). (a, b, c) shows J-A fit to the experimentally recorded M-H
plot of Co 1 % doped 3C-SiC at 5 K, 80 K, and 300 K respectively. Among the various parameters obtained from
the fit, the temperature variation of (k(A/m)) average energy required to break domain wall pinning sites has been
plotted for three different Co (1, 3, 5)% doped samples are shown in Fig. (9). It clearly indicates a decrease in
domain interaction with an increase in temperature because of thermal agitation.
The magneto crystalline anisotropy study was carried out using isothermal magnetization data in the higher
field side. As the law of approach to saturation can be used for polycrystalline magnetic material to obtain an
approximate estimation of anisotropy constant [15–18]. The high field magnetization data (≥1Tesla field) were
fitted to the Eq. (5).
M(H) = MS
[
1− a
H
− b
H2
]
+χhfH (5)
9Figure 9. Temperature dependence of avg. energy to break domain wall pinning strength for three different Co doped samples
M(H)− Magnetization in the field H, MS− Saturation magnetization, χhf− High field susceptibility, a/H−
Strain field around Defects/dislocation, bH2− Magnetic anisotropy. The coefficient b in the equation is related to
the effective magnetic anisotropy constant (KE) by the following relation
b =
4K2E
15M2S
(6)
The high field part of M(H) data were fitted to the Law of approach to saturation at different temperatures to
determine the effective magnetic anisotropic constant (KE) as shown in Fig. (10) (a).
The anisotropy constant was estimated from the parameter obtained from the ‘Law of Approach to saturation’
fit. The value of effective anisotropic constant calculated for Co 1% doped 3C-SiC at 5 K & 350 K, are KE =
2.31×105 erg/cm3 and 0.64×105 erg/cm3 respectively . Both KE and MS decrease with increase in temperature,
keeping their ratio almost constant. This is due to the increase in coercivity with the decrease in particle size of
a multi-domain particle before a critical size limit is reached below which the particle goes into mono domain
state. The increase in coercivity (HC) observed in the lower temperatures regime can be ascribed to an increase
in effective anisotropy (KE) caused by inter granular pinning. Fig. (10) (b) represents the variation of effective
anisotropy constant (KE) with temperature. The large magnetic moment value obtained from the fit indicates the
presence of strong magnetic interaction in Co-doped systems. The decrease in magnetic anisotropy constant with
increase in temperature could be attributed to the weakening of magnetic interaction due to thermal agitation.
10
Figure 10. Part (a) shows the high field part of M (H) data fitted to the Law of approach to saturation. Part (b) depicts the
variation of KE with T for Co-doped 3C-SiC. Anisotropic constant decreases with increase in temperature for all Co-doped
sample. The solid lines are guide to the eye.
D. Electron Paramagnetic Resonance:
EPR measurements were carried out using a JEOL X-band (frequency∼ 9.5 GHz) spectrometer using a rectan-
gular cavity with 100 kHz field modulation and phase-sensitive detection. The magnetic susceptibility as a function
of temperature from VSM measurements shows for the Co2+ doped 3C-SiC a magnetic moment per atom of 1.3
emu/g (saturation magnetization) and Co2+ in the ‘high spin’ state with S = 3/2 (three electrons singly occupying
the upper orbitals of Co2+) obtained from M-H Fit. This means that although the three formally labeled d-orbitals
namely, dxy, dxz, and dyz may be non-degenerate due to a reduction in symmetry, they are not sufficiently separated
enough so that Co2+ system remains in the ‘high spin’ state. Now let us examine the EPR spectrum of high spin
Co2+ in the 3C-SiC lattice. The Co2+( d7) ion in a nominally tetrahedral ligand or crystal field environment de-
pending on the extent of distortion and reduction in symmetry can exhibit either a low spin (S = 1/2) or a high spin
(S = 3/2) configuration [19–21]. The Co2+ in an elongated tetrahedral crystal field under high spin configuration
(with three unpaired electrons occupying the notional t2g level) with S = 3/2 under a large zero-field splitting (D
> the MW quantum at X-band, approx. 9 GHz) is supposed to have fictitious g-values in the range 2 to 6. Un-
less measurements are made at Q-band or indeed much higher MW field, all the three allowed EPR transitions,
|−3/2〉 ↔ |−1/2〉,|−1/2〉 ↔ |+1/2〉, and |+1/2〉 ↔ |+3/2〉 transitions may not be accessible to Co2+ in the 3C-
SiC lattice. Nevertheless, the spectrum obtained in the range 110 K to 450 K shows a broad line over the effective
g-range of 2 to 6 confirming the high spin state of Co2+ as already been inferred from the M-H data shown in Fig.
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Figure 11. Plots (a, b, c) show Field variation of EPR spectra of Co (1, 3, 5) % doped 3C-SiC at different temperatures
(110-450) K. With the increase in temperature intensity increases in all the samples. Plots (d, e, f) show the field variation of
EPR spectra of Co-doped samples after annealing at 1200◦ C.
(5) (a, b, c). However the spin Hamiltonian for Co2+ with S = 3/2 can be written as
Ĥ = β (gX HX SX +gY HY SY +gZHZSZ)+D
(
S2Z−
3
2
)
+E
(
S2X −S2Y
)
, (7)
here D and E are the zero-field splitting parameters, and g-tensor is assumed to be orthorhombic. D and E are
related to the principal values of the D-tensor defined as
DZZ =
2
3
D; DYY =−13D+E; DXX =−
1
3
D−E (8)
The effective g values of the Co doped system respectively are 2.00, 2.05 and 2.08 (narrow central line). It is
known that Co2+ (d7) high spin states are characterized by very short relaxation times, and often the Co2+ nuclear
hyperfine coupling ( (I = 7/2), 100% natural abundance) is seldom resolved.
Fig. (11) (a, b, c) represents the temperature variation EPR spectra of Co (1, 3, 5)% doped 3C-SiC before
annealing. As one can clearly see that the spectrum of each curve consists of two different signals. One is a sharp
component centered at 329 mT associated with a line width of a 0.95 mT (represented as ‘C1’) and other is a more
broader resonance signal in low field side having line width more than 90 mT (represented as ‘C2’). It has been
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found that the effective g value at RT in Co doped 3C-SiC for Signal ‘C1’ are 2.00, 2.05 and 2.08 respectively. These
are closed to the g value of free electron (g = 2.0023). The values are nearly constant with respect to temperature,
where as the effective g value goes on increasing with a decrease in temperature for the ‘C2’ component. This
clearly indicates the presence of spin-orbit coupling present in the system and its enhancement with a decrease
in temperature [22]. Annealing at the higher temperature leads to the intensity of the spectra presumably due to
a significant reduction in defect density in all the samples. This may be due to the diffusion of defects at higher
temperature in the host lattice. In addition to this, the spectra have become more symmetrical as compared to the
spectra of samples before annealed. This can be attributed to the release of lattice strain and reduction of anisotropy
present in the system as shown in Fig. (11) (d, e, f). The broadening of the EPR spectra can be attributed to the
distribution of the resonance field present in the system. Where as the large and broad peak showed in all the doped
samples could be due to strong coupling between the spins at the defect sites. The peak intensity shifts towards
lower side field with decrease in temperature indicates the enhancement of coupling at lower temperature [23]. The
sudden change in the EPR signal in case of 3% Co doped sample could be due to charge compensation happening in
the system around 200K and above. Again the distribution of the resonance field has been found in case of 5% Co
doped sample could be due to the presence of internal magnetic field of the system which varies with temperature.
E. Mechanism:
Among various theoretical models developed to explain FM in DMSs, the percolation model developed by
Kaminski and Das Sarma used to explained the magnetism in Mn doped GaAs system [24]. In case of oxide DMS
system, the Bound Magnetic Polaron (BMP) model of Coy et al. has been used to explain long-range magnetic
order [25]. Since SiC is a different system as compared to both GaAs and ZnO we have used the modified BMP
model to describe the magnetic response in the system. To check the correctness of the BMP model, M-H plot was
fitted to BMP model [26]. The Equation used for the fitting is given below
M = M0L(x)+χmH (9)
here M0L(x)− BMP Contribution and χmH− is the Host matrix Contribution (3C-SiC) M0 = NMS with N =
number of BMPs, MS =‘effective’ spontaneous moment per BMP, χm− susceptibility of the matrix. L(x) =
coth(x)− 1x , Langevin function x = MeffkBT , where Meff− true spontaneous moment per BMP.
At higher temperature, it can be approximated to MS = Meff to estimate the no. of BMPs. The M–H curve was
analyzed by using Eq. (9). The values of the parameters M0, Meff, and χm isn’t fixed and are obtained through
fitting. The experimental plots, along with fitted curves, are shown in Fig. (12)(a, b, c,) for the (1, 3 5) % Co-doped
SiC. After subtracting paramagnetic contribution, M-H plots for different Co concentration at various temperatures
13
Figure 12. BMP Fit to isothermal magnetization data at various T for Co (1, 3, 5)% doped 3C-SiC.
Figure 13. BMP contribution to Magnetization at various T for Co (1,3,5)% doped 3C-SiC after subtracting paramagnetic
contribution from the host matrix.
are shown in Fig. (13) (a, b, c) and the fitted parameters are given in Table (1). The spontaneous moment per BMP,
Meff is found to be of the order of 1017 emu. By assuming MS = Meff, the concentration of BMP is found to be the
order of 1018 per cm−3 as shown in the Tables (II) and (III). The no of BMP needed to achieve percolation, and
long-range ferromagnetic order is 1020 per cm−3 in oxide DMS system (ZnO) [27]. But in our case, the no of BMP
calculated from fitting (1018per cm3) is two orders of magnitude smaller than the required concentration. So defect
alone can not be held responsible for room temperature ferromagnetism in the system. Hence the BMP model
is not a suitable model to explain the high-temperature ferromagnetic response of the system. Co-doped 3C-SiC
synthesized at high temperature provides a favorable condition to form defects such as (VSi, VC, VSiC) which has
already been confirmed by ZFC-FC measurement on undoped 3C-SiC. Similar to the case of Mn-doped ZnO, here
Co also acts as charge donor.
The presence of VSi, VC vacancies in our samples is favorable for the occupation of holes due to the activation
of acceptor states. Again the replacement of Si4+ by Co2+ will produce two holes. In effect, it induces long-range
14
T(K)
M0 Meff×10−17 χm×10−7 N×1016
(emu/g) (emu) (emu/gOe) (cm−3)
50 0.020 0.77 5.8 0.83
100 0.017 1.72 3.6 0.31
200 0.015 3.69 2.9 0.13
250 0.014 4.11 2.7 0.10
300 0.013 6.04 2.6 0.06
350 0.012 7.14 2.3 0.05
Table II. BMP Fitting Parameters of Co 1% doped 3C-SiC at diiferent T .
3% 5%
T(K) M0 Meff×10−17 χm×10−6 N×1017 M0 Meff×10−17 χm×10−6 N×1018
(emu/g) (emu) (emu/gOe) (cm−3) (emu/g) (emu) (emu/gOe) (cm−3)
50 0.28 0.83 6.64 1.08 0.93 0.62 14.2 0.48
100 0.26 1.73 2.95 0.48 0.90 1.20 8.60 0.24
150 0.24 1.91 2.44 0.40 0.88 1.75 6.37 0.16
200 0.21 4.02 2.18 0.16 0.85 2.40 5.18 0.11
250 0.19 5.17 2.01 0.11 0.82 3.26 4.42 0.08
300 0.17 5.96 1.85 0.09 0.79 4.12 3.91 0.01
350 0.15 7.82 1.76 0.06 0.75 5.07 3.52 0.01
Table III. BMP Fitting Parameters of Co 3 and 5% doped 3C-SiC at various T .
ferromagnetic order in the system. As the Co concentration increases, the number of holes also increase [As already
seen from the broadening of EPR spectra]. So to explain long-range ferromagnetic order in the Co-doped 3C-SiC,
the carrier-mediated (hole) interaction could be one possibility. Also, grain boundary and dislocation like defects
can play a vital role in inducing the long-range ferromagnetic order in the system [28–30].
Exchange interactions between one localized carrier trapped by defects most likely VSi, VC here and many
surrounding Co2+ ions align all the Co2+ spins around the carrier localization center, forming a BMP. To explain
the long-range magnetic order in Co-doped 3C-SiC, we have also invoked a modified BMP model. In this context,
there are two possibilities to set up long range magnetic interaction:
1. Distance between two polarons is smaller than the individual diameter: the long-range ferromagnetism can
be achieved by direct overlapping of BMPs
2. Distance between two polarons is much larger than the individual polaron diameter: then interaction between
the two polarons can be achieved by magnetic impurities (as the concentration is sufficient) and sets of long-
15
Figure 14. The presence of paramagnetic species, their distribution in the lattice, surface as well as at the interface boundary
and the possible ferromagnetic/antiferromagnetic interactions among them. The violet sphere inside each particle represents
the magnetic polaron. Overlapping of these magnetic polaron forms BMPs. Apart from BMPs, coupled F+ centers on the
surface and grain boundary also contribute towards ferromagnetism. F center (two trapped electrons) is not likely to contribute
towards ferromagnetism.
range order in the systems.
As one can see in 1% (0.06×1016cm−3), 3% (0.09×1017cm−3) and 5% (0.01×1018cm−3) Co-doped sample at
room temperature, the BMPs density is not sufficient to overlap to reach the percolation limit. So the magnetic
impurity may act as a kind of messenger to facilitate the exchange interaction among the BMPs to achieve ferro-
magnetism in the system, as shown in Fig. (14). The strong hybridization between C 2p and Co 3d orbitals could
induce the spontaneous spin polarization [31–33]. Also from variable temperature Raman study, we have found
that the carrier concentration increases with increase in Cobalt concentration. This also might play an important
role in inducing magnetism in the system. Thus, RT ferromagnetism in Co-doped 3C-SiC can be explained as the
sum of the effects from carrier-mediated exchange interaction, carrier-mediated BMPs and orbital hybridization
between carbon p orbitals and Cobalt d orbitals.
IV. SUMMARY & CONCLUSIONS:
The structural studies by XRD and Raman spectra confirms the incorporation of Cobalt in 3C-SiC host lattice.
The DC magnetic measurements and magnetic resonance studies shows that the materials exhibits ferromagnetism
at room temperature. The EPR studies reveals that Co is in 2+ valence state. Temperature variation of EPR spectra
indicates a reduction in anisotropy with increase in temperature. The ferromagnetism exhibited by the materials
16
can be explained by BMP interaction mediated by magnetic impurities (Co2+) in the system.
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